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LANGLEY8-FOOT

HIGH-SPEEDTUNNELAT HIGHSUBSONICMACH

NUMBERSANDAT.A MCH NUMBEROF 1.2

ANALYSISOF.PRESSUREDISTRIBUTIONOFW33WHTJSELAGE

CONFIGURATIONHAVINGA WINGOF 45°SWEEPBACK,

ASPECTRNI!IO4, TAl?ERRATIO0.6,M17D

NACA65AO06AIRFOILSECTION

ByDonaldL.LovingandBruceB. Estabrooks

SUMMARY

.
A pressure-distributioninvestigation$.asbeenmadeintheLangley

8-foothigh-speedtuimelofa wing-fuselage”configurationas partofan
NACAresearchprogramto determineeffects~fwinggeometryonaerody-
namiccharacteristicsandto explorethenatureoftheflowoverthe
configurationandtheproblemof interferencebetweena wingandfuselage.

,,

Measurementsweremadeona fuselageanda wing-fuselagecombination
employinga wingwith45°sweepbackofthe0.25-chordline,aspect
ratioh,taperratio0.6,andNACA65AO06airfoilsectionsatMach
numbersfrom0.60to 0.96andata Machrnmiberof 1.2.

Theresultsshowthatpressuredistributionsindicativeof leading-
edgeseparation-vortexflownotedat lowspeedswerealsoobservedat
highMachnumbers;however,thisdoesnotmeanthatthevortexflowwas
presentatthesehigherspeeds.At normal-forcecoefficientsofthe
orderof 0.4,thespanwiseloadingonthewingshiftedslightlyoutboard
at thehighmch numbers.Theloadingonthefuselageinthepresence
ofthewingshiftedrearwardwithincreaseinMachnuniber.An examina-
tionofthewing-fuselageinterferencerevealedthattheloadonthe. fuselageofthewing-fuselagecombinationwasapproximately10times
greaterthantheloadontheisolatedfuselageat thesme angleof
attackandWch numberandthefuselagecarrieda largeproportionof
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b-
theload(mthewing-fuselagecombinationattmnsonicspeeds.Theforce
coefficientsandaerodynamiccharacteristicsobtainedfromthepressure
datawereinagreementwiththeresultsdeterminedfromforcetestsofan”

~-

identicalmodel.
—

INTRODUCTION

—
As partofa systematictransonicflightinvestigation,several

wingshavebeentestedona fuselageintheLangley8-foothigh-speed
tunnelat subsonicMachnumbersfrom0.60to 0.96andata Machnumber
of 1.2. Force-test#investigationswereconductedto establishtheeffects
ofvaryi~theangleof sweepbackofthe0.25-chordlineof fourwings,
allhavinganaspectratioof 4,a taperratioof0.6,andNACA65AO06
airfoilsectionsparalleltotheairstream.Thefuselagehada fineness
ratioof 10. Theseresultshavebeenpresentedinreferencesol,2, 3,
and4 forconfigurationshatinganglesof sweepbackof0°,35 , 4!5°,
and600,respectively.

Thepressure-distributioninvestigationreportedhereinwascon-
ductedonthe45°sweptbackconfiguration,whichwasconsideredthemost
representativeofthisseriesof sweptwings.Dataareshownforthe
sameangleuofattackandMachnumberscover”edinreference3. Pressure
measurementswereobtainedonthewing-fusebgecombinationatangles
ofattackfrom-2°to 14°atthesubsonic~ch numbersandatanglesof
attackfrom-2°to 60ata Machnumberof1.2. Fuselagepressuremeasure-
mentswereobtainedat anglesofattackfrom.0°to 14°forallMach
numbersinvestigated.Completepressureresultsforthefuselageand
wing-fuselagecombinationarepresentedanddiscussedto explainsomeof
theflowpkenomenaoccurringattheseanglesofattackandMachnumbers.
Compariso~saremadewithpreviousresults&om forcetests
ticalmodelandfromfree-talltestsona similarfuselage.
parisonsindicatedthat alltheforcecoefficientsobtained
tionsofthepressuredatawereinexcellentagreementwith
resultsexceptforthepitching-momentcoefficientsat high
attack.

TheReynoldsnumberforthisinvestigationvariedfrom

to 2.02x 106whenbasedonthewingmeanaerodynamicchord

9.4x 106to 11.OX106whenbasedonthe”f~~elagele~th.

—

—
—
.
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onan iden-
Thesecom-
fromintegra-
te force-test
anglesof

1.73X 106
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SYMBOLS

ofwingsemispan,locatedat fuselage

airfoilsectionchord,paralleltoplaneof symmetry

averagewingchord (S/b)

(r )g/2
meanaerodynamicchord c2dy

so

fuselagesectiondiameter

fuselagemaximumdiameter

basicfuselagelength

Machnumber

free-streamstaticpressure

localstaticpressure

()P- P~
pressurecoefficient—

q

free-streamdynamicpressure
()
1 ~22P

Reynoldsnumber

fuselagesection

totalwingarea

wingthickness

()J2M
IJ

radius

velocityinundisturbedstream

~====
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x distancemeasuredstreamwisefromleadingedgeof section

z distanceperpendiculartoplaneofchordOTwing

a angleofattackof fuselagecenterline

P massdensityinundisturbedstream —.

P coefficientof viscosityinundisturbedstream

A angleof sweepbackof0.25-chordlineofwing

Subscripts:

ah surfaceaheadofmaximumthicknessofairfoilsection

bh surfacebehind

cr critical

f fuselagecross

F fuselage

4-

..

maximumthicknessofairfoilsection —
.-

section

L lowersurfaceofairfoilsection

F4

.

T wing-fuselageconfiguration

u uppersurfaceofairfoilsection

w wing

Thecoefficientsaredefinedas follows: ‘
—

Cn wingsectionnormal-forcecoefficient($(PL-PU,+

cn@ fuselagecross-sectionnormal-forcecoefficient
L (Ap.-%)i)

normal-forcecoefficient
...—.,

basedon:totalwiqjarea
,

—

-.
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cm wingsectionpitching-momentcoefficientabout25-percent-

chordstation
(*J% -p.)k-0+

cm pitching-momentcoefficientaboutthe25-percentpositionof
themeanaerodynamicchord

c% wing

(&c
sectionchordtise-forcecoefficient

c% (wing-sectionpressure-dragcoefficientCc
)

~C08a+CnSirla

C?F pressure-dragcoefficientof

c% pressure-dragcoefficientof
basedontotalwingarea

APPARATUSAND

Tunnel

fuselagebasedontotalwingarea

thewing-fuselageconibimt.ion

ME’TEODS

TheinvestigationwasconductedintheLangley8-foothigh-speed
tunnel.A plasterlinerinstalledinthetunnelformedthesubsonic
testsectionat thegeometricminimumandextendeddownstreamto form
thesupersonictestsection.TheMachnumberwasuniforminthesub-
sonictestsectionandvariedby a maximumof0.02fromthedesignMach
numberof 1.2inthesupersonictestsection(reference5).

,

Model

Themodelwasa midwingconfigurationwithdimensionsidenticalto
theforce-testmodelofreference3. Thewinghad45°sweepbackofthe
O.&-chordline,an aspectratioof 4,a taperratioof0.6,and
NACA65AO06airfoilsectionsparalleltotheplaneof symmetry.Dimen-
sionaldetailsareshowninfigure1. Thefuselagewasdesignedwith
thelinesofthegeneraltransonic~selagewhichwasthesamefuselage
usedfortheotherwingsinthiswingprogram.Thefuselagehadcircular

-——— — —— —-
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crosssectionsanda basicfinenessratioof 12,althoughan actualfine-
nessratioof10wasobtainedaftercutti~.offtherea-rone-sitihof
thefuselagetoattachthesting.Thefusela”gedetailsandordinates
arepresentedinfigure2. Theratioofthe.f’uselagefrontalareato
thewingplan-fomnarea,consideringthewir@extendedthroughthefuse-
lage,was0.0606.A photographofthemodelis presentedas figure3.

Thewingwasconstructedofa mildsteelcorewitha bismuth-tin
covering.one hundredandfifteenstatic-pressureorificeswerelocated
inthewings,distributedamongfivespanwisestationsparallelto the
freestream,as showninfigure4. Ontheactualtestmodel,the20-,
60-,and95-percent-semispanstationswerelocatedontheleftwingand
the~- and80-percent-semispanstationswere.locatedontherightwing.
Onehundredstatic-pressureorificesweredistributedamongsixlongi-
tudinalrow~!inthesideofthefuselage,as showninfigure5.

the
and
and
the

Measurementsoftheincidenceofeachhalfofthewingrelativeto
fuselageaxisshowedthattherightwinghadan incidenceof 0.05°
theleftwing,-O.1O.Theseconstrictioninaccuraciesweresmall
noattemptwasmadeto correctthedataf,orthem. A closecheckof
actualmachinedordinatesofthepresentyingandthewingpreviously

usedintheforcetestsrevealeddifferencesintheairfoilthicknessof
theorderof0.1percent.Furthermore,calculationsofthedeflections
ofthetwowingsunderloadalsoindicatednoappreciabledifference.
Accordingly,thetwowingsmaybe consideredessentiallyequal.

ModelSupportSystem

Themodelwassupportedby a taperedstingattachedto therearof
thefuselage.Thetaperedstingwasmountedonan extensiblesupport
tubewhichwasfixedaxiallyinthecenterofthetunnelby twosetsof
supportsprojectingfromthetunnelwalls.Locationofthemodelin
eitherthesubsonicor su~rsonictestsectionwasaccomplishedby sliding
thesupporttubeforwardorrearwardonthesupportbearings.Theforward,
taperedportionofthesupporttubewashingedtotherearportionin
sucha mannerthatangle-of-attackchangescouldbe accomplishedbymeans
ofanelectricmotordrivinganactuatingscrewlocatedwithinthe‘tube.
ThismechanismwascontrolledTromoutsidethetestsectionandtherefore
permittedanglechangeswhilethetunnelwas-operating.”Detailsofthe
modelsupportsystemandthemodellocationsinthesubsonicandsuper-
sonictestsectionsareshowninfigures6 and

Theattitude
syf3temconsisting

Measurements

ofthemodelwasmeasured
ofa smallmirrormo~ted

—

7.
.

a calibratedoptical
theuppersurfaceofthe

A

.

.—

-1

,

—

. .

*-

.
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fuselageanda pointsourceof lightmountedoutsidethetunnel.To
determinetheangle,theopticaldevicecontainingthepointsourceof
lightwasadjusteduntilthereflectedrayfrcnnthemirrorcoincidedwith
theincidentray. Theangleoftheinstrumentwithrespectto thever-
ticalwasthenmeasuredwitha vernierinclinometer.Theuseofthis
deviceinconjunctionwiththeremotelycontrolledangle-of-attack
changingmechanismenableddesiredmodelanglesofattacktobe set
withinO.1°withthetunneloperatingat anylkchnumber.

Thetestswereconductedthrougha Machnumberrangefrom0.6Qto
approximately0.96withthemodelinthesubsonictestsectionandat a
Machnumberof1.2withthemodelinthesupersonictestsection.The
fuselagewastestedatanglesofattackfrom0°to 14°atallMach
numbers.Thewing-fuselagecombinationwastestedfrom-2°to 14°at
subsonicMachnumbersandfrom-2°to 6°ata Machnumberof 1.2.

Configurationsincludedthewing-fuselageconibinationwithnatural
transitionandwithtransitionfixedat 10percentofthechordonthe
upperandlowersurfacesofthewingandat 12percentofthefuselage
length.ThetransitionstripconsistedlofNo.60 Carborundumparticles
coveringapproxixmtely50 percentofa

8
-inch-widelayerofanadhesive

agent.Thefuselagealonewasinvestigatedwithnaturaltransitiononly.
Unlessotherwisenoted,thedatapresentedhereinarefornaturaltransi-
tiononly.Themodelwasmaintainedaerodynamicallysmooththroughout
theinvestigation.

ThevariationwithMachnumberoftheapproximatetestReynolds
numberbasedona wingmeanaerodynamicchordof 6.125inchesispre-
sentedin figure8.

Thetunnelchokedatthemodelinthesubsonictestsectionatan
uncorrected&ch numberofapproximately0.975.Static-pressuremeaswe-
mentsmadeonthetunnelwallgavean indicationofanyperceptible
tendencytowardchokingat theplaneofthemodel.Datawerenotobtained
foranglesofattackandMachnumbersatwhichsuchoccurrencewasnoted.
At thesupersonicMachnumberof1.2,thetestanglesof attackwere
limitedby thelocationofthetunnelnormalshockatthetailofthe
model.Visualobservationsweremadeoftheshockby notingtheshadow
castby theshockonthetunnelwallwhena parallellightbeamwas
directedacrosstherearofthemodel.Previoustestshaveindicateda
detrimentaleffectonpitchingmomentsespeciallywhentheshockistoo
closeto therearofthemodel(reference6). Dataarenotpresented
whichmightbe affectedby thepresenceofthisshock.Observationof
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thetunnel-k~llstaticpressureata Machnumberof1.2-alBOindicated
thatat allanglesofattacktestedtheshock”disturbancefromthenose
ofthemodelwastransmittedtothewallsufficientlyfardownstreamfrom

<

. thenoseto insurethatitsreflectiondidnotaffectthemodel.

RESULTS .-

Accuracy.-ThesameMachnumbercorrecti@sdeterminedforthedata
presentedinreference3 havebeenappliedt~,thedata.presentedherein,
sincethedimensionsofthemodelstestedwereidentical.Themagnitude
ofthecorrectiontothehkchnumberreached1.5percentata Machnumber
of0.96. InoneinstanceallknowncorrectionsfortunnelMschnumber

—

gradient,blockage,andboundary-inducedupwaahwereappliedtothe
pressuredatafortheuppersurfaceofthefu@elagealoneat anangleof
attackof0°and,Machnumbersof0.90and0.96.At Machnumbersof0.90
and0.96thecorrectionschangedthepressurecoefficients0.01and0.015,

—

respectively,ina positive-direction.Thecorrections--havenotbeen
appliedtotheremainderofthedata.

—
.-..—

follofws&-Ad indexofthefigurespresentingtheresultsisas 4
: —

Legend:
.

Figure
—

Thechordtisepressuxedistributionsat five 9(a)to 9(d)
spanwisestationsforseveralanglesof
attack.M = 0.60.

Thechordwisepressuredistributionsat five lo(a)andlO(b)
spanwisestationsforseveralMachnumbers.
a= 00●

.-.=

Thechordwisepressuredistributionsat five__ n(a) to 11(c)
spanwisestationsforseveralMachnumbers.
a = 2°.

Thechordwisepressuredistributionsat five 12(a)to 12(c)
spanwisestationsforseveralMachnumbers.
a= 40.

Thechordwisepressuredistributionsatfive 13(a)to 13(c)
spanwisestationsforseveralMachnumbers....’
a= 60,

—
a“

.
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Thechordwisepressuredistributionsat five
spantisestationsforseveralMachnumbers.
a = 8°.

Thechordwisepressuredistributionsat five
spanwisestationsforsevemlMachnunibers.
a= 100.

Thechordwisepressuredistributionsat five
spanwisestationsforseveral&ch numbers.
a= 12°.

Thechordwisepressuredistributionsat five
spanwisestationsforseveralMachnumbers.
a= 14°.

Thelongitudinalpressuredistributionsat six
radiallocationsforthefuselageandwing-
fuselageconfigurationat severalanglesof
attack.M = 0.60.

Thelongitudinalpressuredistributionsat six
radiallocationsforthewing-fuselagecon-
figurationat severalanglesofattack.
M = 0.70.

Thelongitudinalpressuredistributionsat six
radiallocationsforthefuselageandwing-
fuselageconfigurationat severalanglesof
attack.M = 0.80.

Thelongitudinalpressuredistributionsat six
radiallocationsforthewing-fuselagecon-
figurationat severalanglesof attack.
M= 0.85.

Thelongitudinalpressuredistributionsat six
radiallocationsforthewing-fuselagecon-
figurationat severalanglesof attack.
M= 0.875.

Thelongitudinalpressuredistributionsat six
radiallocationsforthefuselageandwing-
fuselage,configurationat severalanglesof
attack.M = 0.90.

9

lk(a)to 14(c)

15(a)to 15(d)

16(a)and16(b)

17(a)and17(b)

18(a)to 18(c)

19(a) to 19(c)

20(a)to 20(c)

21(a)and21(b)
.

22(a)and22(b)

23(a)tO 23(c)
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Thelongitudinalpressuredistributionsat six
radiallocationsforthefuselageandwing-
fuselageconfigurationat severalanglesof
attack.M = 0.93.

Thelongitudinal.pressuredistributionsat six
radiallocationsforthefuselageandwing-”
fuselageconfigurationat severalangles0?
attack.M = O*!%*

Thelongitudinalpressuredistributionsat si”x
radiallocationsforthefuselageandwing-
fuselageconfigurationat severalanglesof’
attack.M = 1.2.

Contoursofconstantpressurecoefficient.
a= 0°,2°,4°. M = o.60,0.96,1.2.

Comparisonofthepressuredistributionsat
zeroliftovertheupperm+rfaceofthefuse-
lageanda similarfree-fallmodelfor
severalMachnumbers.

Pressuredistributionsalongsixlongitudinal,
fuselagestationsinthepresenceofthe ,
wingat severalMachnvmbers.a = 4°.

Pressuredistributionsalongsixlongitudinal
fuselagestationsat severalMachnumbers
forthefuselage.a = 4°.

Thespanwisedistributionsof sectionnormal-.
forcecoefficientat severalanglesofattack.
M = o.(3).

Thespanwisedistributionsof sectionnormal-
forcecoefficientat severalWch numbers.
a = 00to 140.

Analysisofwing-fuselageinterferenceon span-
wisevariationof’normal-forceparameter.
a= 40$ ~ . o.~o

Longitudinalloadingoverfuselagewithand..:
withouttingat severalMach-numbers. ..
a u 4°.

*

24(a)to 24(c)

25(a)and25(b)

26(a)and26(b)

27(a)to27(i)

28

—

—

.— —
4

- 29 .—
—-

w

31
,.

.—

32(a)to 32(h)

33

34
—-. . —-- —- .=

.
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Chordwisenormalloadingover20-percent-semispan
station.a = 40.

Thespanwisedistributionsofnorml-loading
coefficientat severalanglesof attack.
M= 0.60.

Thespanwisedistributionsofnormal-loading
coefficientat severalMachnumbers.
a= 20to 14°.

VariationwithMachnumberofnormal-force
coefficientforwing-fuselageconfiguration
tithtransitionnaturalandfixed.

VariationwithMachnumberofnormal-force
coefficientforfuselage.

Variationwithnormal-forcecoefficientofthe
aerodynmniccharacteristicsofthewing-
fuselageconfiguration.

VariationwithMachnumberofnormal-force-curve
slopeforthewing-fuselageconfiguration.
c~ = o.

Loadcarriedby thefuselagewithwingpresent
relativetototalloadonwing-fuselagecom-
bination.

Thespanwisedistributionsof sectionpitching-
momentcoefficientat severalanglesof
attack.M = o.&).

Thespanwisedistributionsof sectionpitching-
momentcoefficientat severalMachnumbers.
a= 0°to 140.

VariationwithMachnumberofpitching-moment
coefficientforthewing-fuselageconfiguration
withtransitionnaturalandfixed.

VariationwithMachnumberofpitching-moment
coefficientforfuselage.

.
Variationofpitching-momentcoefficientwith
normal-forcecoefficientforwing-fuselage

. configurationwithtransitionnaturalandfixed.

35

36

37(a)to 37(d

38

39

40

41

42

43

&h(a)to 44(h)

45

46

47
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VariationwithMachnumberof thelateralarid
chordwisepositionof thecenterofpress%
forthewingwithwing-fuselageinterference.

Longitudinalpositionofthefuselagecenter’
ofpressurerelativeto thefuselagenose.”

VariationwithMachnumberof aerodynamic-ce~ter
locationforthewing-fuselageconfigurati~n
relativetothe25-percentposition’ofthe’ >
meanaerodynamicchord.

Incrementalpitching-momentcoefficientdueto
?ddition~f.wingtofuselage.

Thespanwisedistributionsof sectionpress~e-
dragcoefficientat severalMachnumbers.j
a = 40.

VariationwithMachnumberofpressure-drag~
coefficientforthefuselage.

VariationwithMachnumberofpressure-drag!
coefficientforthewing-fuselageconfigura-
tionwithtransitionnaturalandfixed.

Comparisonof.thevariationwithMachnumber.’of
thedragcoefficientat zero liftforthe,<
fuselageanda free-fallbody.

.-

NACARM L511&

M

49

50 —

51

52
.-—

53

54 ‘“

—

—
—

Comparisonof theskin-frictiondragcoefficient,
determinedfromdataof figure55,withfree-
falldataandtheory. ~

Thepressurediagramsfor.anangle”ofattackof 4’:

.-

56

werethesame
‘mforan angleof attackof2° andthereforehavenotbeenpresented.

Fuselagepressuredataforfixedtransitionhave~~tbeenpresented.
A dashedlinehasbeendrawnthro&hthe~lociofmaximumnegative

pressurecoefficientinthe~essurecontoursshowninfigure27. For
anangleof attackof 4°thecontoursofequalpressurecoefficients
areshownforthefuselage. -.—

Thepressureorificeslocatedalongthe~ixmeridianson thefuse-
lageweresoarrangedthattheyalsoformedringsaroundthefuselage.
Thepressurecoefficientsforeachof theseiingswereplottedagainst
percentradius.Interpolatedvaluesofpress&ecoefficientwereobtained
fromtheseplotstopreparethedatashownin,figures29 and30 forsix ,, , . .1
fuselagesectionsparallelto thefuselagevefii.calplaneof symme{ry.

Thefuselagelongitudinalsectioncoeffi~ients,w~ch arebasedon—”
.’

chordlengthsof thewingprojectedthrought% fuselage,wereobtained
lJyintegrationof fig’wes29and30.

<r-~
—

.

—
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Thepitching-momentcoefficientsforthefuselagelongitudinal
sectionsarebasedonthe0.25-chordlineofthewingextendedthrough
thefuselage.

DISCUSSION

In general,thepressuredistributionsfollowedtrendsnotedin
references7 to 13. Thesetrendsandadditionaleffectsmaybe studied
in figures9 to 17 forthewing,andin figures18to 26 forthefuse-
lage.Alldatapresentedhereforthewingwereaffectedby thepresence
ofthefuselage.

PressureDistributionsonWing

0.60Machnumber.-Theeffectonthewingpressuresofvaryd.ngthe
angleofattackfrom0°to 14°at thelow-speedMachnmber of0.6maybe
seenin figure9. Eereit is shownthatwhentheangleofattackwas
increasedup to 4°a sharpnegativepressure-coefficientpeakformedon& theleadingedgeofthewingasmightbe expected.Whentheangleof
attackwasincreasedto 6°,theformsofthepressuediagramsoverthe
wingbecamesimilarto thosereportedinreference7 inwhicha separa-.
tionvortexwasshowntoexistontheuppersurface.Thechordwisepres-
suredistributionsofthewingindicatedhighpeaknegativepressurecoef-
ficientsat theleadingedgeforthemostinboardstation,andthesepeaks
becameprogressivelylowerandbroadertowardthewingtip. Thesepara-
tionvortexwasformedasa resultof flowseparationovertherelatively
sharpleadingedgeofthewing. Withincreasingangleofattack,the
efientoftheseparationvortexincreasedovertheoutboardstations
until,atanangleofattackbetween60and8°,thecoreturnedback
alongthechordanda trailingvortexwasshedoffthewingbetweenthe
80-and95-percent-semispanstations.Thewingstalledontheoutboard
section,andthisstalledregionmovedinboardwithincreaseinangleof
attack.Thepresenceof separationwasindicatedby thereductionofthe
peaknegativepressurecoefficientneartheleadingedgeoftheupper
surfaceandtherelativelyhighnegativepressurecoefficientsnearthe
trailingedge.

0° angleofattack.-Theeffectsof changingMachnumberforthe
wingat zeroangleof attack,as showninfigure10,aresimilarto those
reportedinreference8. Itmaybe seenthattheinboardandoutboard
wingsectionsdifferedconsiderablyinpressuredistributionthroughout

. theMachnumberrangeinvestigated.Contoursofequalpressurecoef-
ficient,as showninfigure27,indicatedthatata Machnumberof0.6
thelineofmax- negativepressmecoefficientoccurredacrossthe

. spanfrom50-percentchordat20.percent-semispanstationto b-percent
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chordat 8C?-percent-semispanstation,thenshiftedforwardto a~roxi.-
mately11-~ercentchordat 95-percent-semispanstation.As theMach
numberwasincreasedto 0.96thepeaksmoved.rearward.

.
At a.lkchnumber _ -o-

f 1.2,thevaluesofnegativepressurecoefficientwerereducedall
alongthespanandthepeakmovedconsiderablyrearwardto 80percentof
thechordatthetipstation.It isalsoshownthatas thepeaknegative
pressurecoefficientmovedrearwardthepressurecoefficientsbecamemore
positiveattheleadingedgeoftheinboardstations.

ofat~ackof2° forMachnumbersfrom0.60to0.96,as
n(a) to 11(c),aresimilartotwo-dimensionaldata
wingsat lowanglesofattack.Whenthepressuredistri-
midsemispanstationswerecomparedvithtwo-dimensional

—

reference9, itwasindicatedthatforcomparableMach

2° angleofattack.-Thetrendsforthewingatvariousanglesof
attackareshowninfQures11to 17. Piessw”edistributionsoverthe
wingatan angle
showninfigures
obtainedonthin
butionsoverthe
datareportedin
numbersandanglesofattack(thatis,comparingthedatahereinatan
angleofattackof2°anda Machnumberof0.96withthetwo-dimensional
datafortheNACA66-006airfoilatan angleofattackofabout3° anda
Machnumberof0.75),changesinpressuredistributionoccurredata much
lowerMachnumberthanpredicted;however,thetrendsforincreaseinangle
ofattackaadMachnumberweremuchthesame.A peaknegativepressure
coefficientoccurredattheleadingedgeoftheuppersurfaceofthetig
indicatingthesametypeof flowinthisarea.WhentheMachnumberwas
increasedfrom0.85to 0.96forthewingreportedheretn(figs.n(b)
and11(c)),thepressurecoefficientsdecrea~edovertheforwardportion
ofthe20-percent-semispanstationanda secondminimum-pressurepeak
developedto therearofthemidchord.Thesamethinghasbeenpredicted
inreference10forsubsonicaswellas supersonicwings.As shownin
thepressurecontours(fig.27(e))onepeakwaslocatedalongthewing
leadingedgeandtheotherlaydiagonallyacrossthespanfrom80percent
ofthechordonthe20-percent-semispanstati,onto 25percentofthechord
at thefi-percent-semispanstation.However,:thesecondpeaknegative
pressurecoefficientwasconsiderablymorerearwardonthesweptbackwing
thanmightbe expectedfromthetwo-dimensionaldata. Similarvariations
havebeenreportedinreference11. At aMachnumberofO.go(fig. ll(b))j
a pressuregradientbecameevidentfollowingthesecondminimum-pressure
peakindicatingthepresenceofa weaknormalshockextendhgfromabout
80percentofthechordatthe20-percent-sernispanstationanddiminishing
in strengthouttothe60-percent-semj.spanstation.At thesameMach
numberandangleofattackanabruptchangeinpressurecoefficientwas
notedovertheforwardportionofthe95-percent-semispanstation.ThiS
discontinuitywasassociatedtitha disturbanceoriginatingatthewing
tip. At a Wch numberof0.96thisdisturbancemergedwiththenormal
shockas itextendedacrossthewingtip(fig.11(c)).

At a J@chnumberof1.2,theminimum-pressure-coefficientpeaksat
theleadingedgewereconsiderablyreducedallalongthespan.The

4
.—

.

—

“

—
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pressureconto~s(figs.27(g),27(h),and~(i)) weresimilarto those
obtainedfora Machnumberof0.96exceptthattheminimum-pressurepeak
nearthetrailingedgeshiftedrearwardtowardthetipandlocateditself
alongthe70-percen&chordline.

le ofattack.-At an angleofattackof 4°thesametypeof
pressuredistributionandflowphenomenaareshownas foran angleof
attackof2°up to a Machnuniberof0.85,as shownin figures12(a)
and12(b).Thereafter,whentheMachnuniberwasincreasedto0.875the
firstindicationoftheappearanceoftheseparation-vortexphenomenon
is showninfigure12(b)by thebroadeningofthenegative-pressure-
coefficientpeaksovertheleadingedgeofthe80-and95-percent-semispan
station.Sincethelocalpressurecoefficientsforthesepeaksindicated
localMachnumbersgreaterthanunityandthecomponentoflocal~ch
numberperpendiculartothecontourlineswasgreaterthan1.00,it is
believedthatan obliqueshockappearedatthetrailingboundaryofthe
vortex.Thesevereadversegradientbehindtheminimum-pressurepeak
appearedtobe associatedwiththeredirectionoftheflowas it
reattacheditselfto theairfoilbehindtheleading-edgeseparation-vortex
bubble.Becauseofthestrongseparation-vortexflowontheouterwing
stationsthepressuredistributionsfora lkchnumberof0.93,as shown* in figure12(c),didnotindicateanydiscontinuitydueto a disturbance
originatingat thewingtip.

.
Thepressuregradientfollowingthesecondminimum-pressurepeak

becamemoreseverewithincreaseinangleofattackto 4°andwasnoted
at stationsfartheroutboard(fig.12(b)).Thisindicatedthatincreasing
theangleofattackincreasedthestrengthofthenormalshock,extended
itfartheroutboardohthewing,andatthesametimeincreasedthechord-
wiseextentoftherelativelyhighnegativepressurecoefficients.How-
ever,as shownby thechordwiselocationofthesecondminimum-pressure
peak,thechordwisepositionofthenormalshockwasonlyslightly
affectedby changeinangleof attackandwasinfluencedmostlyby
increaseinMachnumber.Itmayalsobe seenthatastheangleofattack
wasincreasedthepeakoftheseparation-vortexcoremovedinboardand
thebroadenedpeakpressuresspreadovermoreoftheoutboardstations.
Theflowmayhavebeenapproachingthatdescribedforsupersonicairfoils
athighsubsonicspeedsinreference9. Thewingsactuallyhadsimilar
pressuredistributions,buttheprecisenatureofthetransitionfrom
vortexflowto thatindicatedinreference9 cannotbe definitelystated
atthepresenttime.At a kch numberof 1.2theupper-surfacepressure
coefficientsbecamemorenegativeandhadthesameformsusuallypresent
wheneitherseparatedflowexistedor theshockmovedto thewingtrailing
edge(fig.12(c)).Thediscontinuityinthenegative-pressure-coefficient
distributionsextendingobliquelyacrossthesemispanontheuppersurface.
ata Machnunberof1.2,whichapparentlyoriginatedattheleadingedge
ofthewing-fuselagejuncture(fig.12(c)),wass~lar tothediscontin-

. uitypredictedby supersonictheoryforthecasewhentheMachlineis
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sweptbehincltheleadingedge. It isnotknownat thepresenttime
whetherthediscontinuityshownhereinwasduetoa discontinuityin
nonviscouslinearsupersonicflowortotheseparationvortexpresent
at subsonicMachnumbers.Additionalinformationmustawaittheresults
ofproposedtuftsurveysandwakemeasurementsforthiswing.

6° angleofattack.-At an angleofattackof 6° the broadening
pressurepe&ksattheleadingedgeoftheinbbardstationsofthewing
indicatedthattheseparation-vortexflowbeganverynearthefuselage
ata Machnumberof0.60(fig.13(a))andspreadoutboardalongthe
semispan.At allMachnumbersup to0.96thefailureoftheupper-
surfacepressuresto returnto free-streamconditionsatthetrailing
edgeoftheouterstationsindicatedseparatedflowoverthewingtip.
Thetrailingboundaryofthevortexwasshedoffthewingtrailingedge
betweenthe80-and95-percent-semispanstatims.As inthecaseof
anglesofattackof2°and4°,itisnotedthatwhentheangleofattack
wasincreasedtheseparationvortexbecamemorepronouncedanditseffects
movedinboard.Thenormalshockbecamestror@erandmayhaveextended -
outtothewingtipbutwasmaskedintheregionofthevortexflowand .-
wasnotevidentduetothesofteningeffectoftheseparationoverthe
outersectionsofthewin (fig.13(b)).At a Machnumberof 1.2the~trendsshownfor2°and4 anglesofattackwereevident.Increasing
theangleofattackincreasedtheangleoftheobliquediscontinuityin
negative-pressure-coefficientdistributionori.ginati~.atthewing-
fuselagejuncture.Moreover,thestrengthof.thewing-tipdisturbance
wasincreasedto suchanextentthata discontinuityinthelevelofthe
pressuredistributionbecameevidentoverthe95-percen%-semispanstation.

8°to 14°angleofattbck.-Thesignificantfactorsshownby the
pressuredistributionsinfigures14(a)to 17(b)foranglesofattack
from8°to 14°arethat,astheangleofatta~kwasincreased,thevortex-
fl.owregiononthewingexpandedinboardandSeparation.ontheoutboard
sectionsincrease&inintensityandextent.As theMachnumberwas
increased,however,thespreadof theseparationwasdelayed.At thehighest
angleofattacktested(140),thepressuredistributionsindicatedthatthe
vortexflowhadspreadoveralmosttheentirewingwiththetrailing
boundarybeingshedoffsomewherebetweenthe-2Q-and40-percent-semispan
stations(figs.17(a)and17(b)).Becauseof”thisseparation,thepres-
suredistributionontheuppersurfaceofthewingoutersectionsbecame
nearlyflat.

An examinationofthepressuredistributionsforthewingwith
naturaltransition,presentedinfigure13(a),indicateda smallregion
ofhighnegativepressmecoefficientattheleadingedgeofthe80-percent-
semispanstation.Thispeakpressuretiyhavebeencausedby a local
irregularityintheleading-edgesurfaceoft~ rightwing. It shouldbe
rememberedthatthe40-and80-percent-semisp&stationawereontheright
wingandtheremainingstationsontheleftwing.Therefore,itappear; ●
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thattheleading-edgesurfaceirregularitydisiuptedtheoutwardspread
ofthevortexflowontherightwinguntila Machmnnberbetween0.85
and0.875wasreachedatanangleofattackof6°as showninfigure13(b)”.
By thetimethetransitionstripwasfixedontheting,thesurfaceirreg-
ularityseemedto havebeeneliminatedandtheflowphenomenonwasthe
sameonbothwings,exceptatan angleofattackof8° anda Machnumber
of0.6,as shownin figurelk(a).Hereitmaybe seenthatfixingthe
pointoftransitiondelayedtheangleofattackat whichthetrailing
boundaryofthevortexflowwasshedoffthewingtrailingedge.

PressureDistributionsonFuselage

Thepressuredistributionsforthefuselage’(figs.18to 26)did
notrevealany largechangesintheflowdueto changesinangleof
attackorMachnumberwiththeexceptionofthedevelopmentof a minimum-
pressure-coefficientpeakontherearpartofthefuselageuppersurface
ata Machnumberof 1.2. IncreasesinMachnumberincreasedthelevel
ofnegativepressurecoefficient.Increasesinangleof attackchanged
thepressurecoefficientsina negativedirectionontheuppersurfaceat
thenoseandonthelowersurfaceat therearofthefuselage. .

PressureDistributionsonFuselagewithWing

Whenthewingwasaddedtothefuselage,a considerableinterference
effectappears,as shownby thepressurediagramsin figures18to 26,
29,and30. Thenegativepressurecoefficientson thefuselageplaneof
symmetryatthemidchordofthewing-fuselagejuncturewereincreased
approximately200percentby thepresenceofthewingata Machnumber
of0.60andanangleofattackofonly4° (fig.18(a)).Themaxjm~
negativepressurecoefficientattheplaneof symmetryofthefuselage
withwingwasapproximately55percentofthenegativepressurecoefficient
atthe20-percent-semispanstationonthewing,excludingthenegative-
pressure-coefficientpeakattheleadingedge(fig.29).

—

Thenegativepressurecoefficientsonthefuselagewithwingexhibited
a greaterinfluencefromthepressuresontherearportionoftheting
chordsnearestthefuselagethanfromtheleading-edgepressures.The
longitudinalpressuresalongthefuselagereflectedthesharprisein
negativepressurecoefficienttowardthetrailingedgeofthewing. For
example,atanangleofattackof 4°anda Machnumberof0.96, two
negative-pressure-coefficientpeakswereapparentontheinboardstation
of thewing(figs.12(c)and29). Onewaslocatedattheleadingedge
andtheotherwasfoundnearthetrailingedge. Thepressuresonthe
fuselagenearthewing-fuselagejunctureatthe11.6-percentstation
indidatedalmostthesameminimumpressuresas thewingneartherear —

●



18

ofthechord(fig.~). However,theminimumpressures
intheregionofthewingleadingedgeindicatedonlya
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onthefuselage
fractionofthe .

pressurepeakshownforthewing. Thefuselagepresstiesalongthe
streamwisestationsclosertotheplaneof sjmmetrydisplayedevenless
influencefYomtheleading-edgepeak.

A definiterearwardshiftinthelocationofmaximumnegativepres-
surecoefficientonthefuselagewithwingwas,notedasMachnumberwas
increased.Beginningata Machnumberofapproximately0.93itisnoted
thattherearwardshiftalongtheuppermeridianwasfartherrearward
thanatthesideofthefuselage.At a Machnumberof1.2andanangle
ofattackof 4°thepeaknegativepressurecoefficientwaslocatedat
about61percentfuselagelengthnearthewing-fuselagejunctureandat
about71~rcentfuselagelengthonthefuselageuppermeridian.The
contoursof equalpressurein figures27(f)and27(i)alsoillustrate
thisphenomenonforanangleofattackof k“at Machnumbersof0.96
and1.2,re[!pectively.

Infigure28 an indicationofthechangeinpressurecoefficient
overthefwelageat zeroliftisshownwhenallavailablecorrections
to thedatahadbeenappliedaiMachnumbersof0.90and0.96.At a
Machnumberof0.90thecorrectionschangedallthepressurecoefficients

4

by about0.01ina positivedirection.At a..kchnumberof 0.96 the
changewasapproximately0.015ina positivedirection.AlsoshowniS
the-comparisonbetweentheoretical(reference12)andmeasuredpressure

.

coefficientsfordataobtainedintheLangley”8-ftmt high-speedtunnel
andby thefree-falltechnique(reference13), Thecorrectedwind-tunnel

-.

dataareseentobe inexcellentagreementwiththeoryforlkchnumbers
.

of0.90,0.96,and1.2. However,thedatafromthefree-fallinvestiga-
tion,ingeneral,appeartobe slightlymorepositivethanthosepre-
dictedby tkeory.

Thedivergenceofthewind-tunneldataandfree-falldatanearthe
.-

tailofthemodelwastheresultof differencesin stinginterference.
Thestingforthetunnelmodelwasconsiderablylargerincrosssection.
Theslightincreaseinpressureoverthenoseofthetunnelmodelata
Wch numberof 1.2(fig.28(c))isbelievedtobe theresultofa slight
axialMachnumbergradientintheregionofthenoseofthemodelinthe
supersonictestsection.It shouldbe noted,however,thata velocity
gradientdidnotexistintheregionofthewingat a I&chnumberof1.2.

SectionLoadingcharacteristics~

Thespanloaddistributions,ingeneral,were ellipticalin shape
atanglesofattackupto 8°. At anglesofattackfromOOto 60andat

n-

MachnumbersfromO*6Oto0.93,thesectionnormal-forcecoefficients
(fig.32)exhibitedthetypeoftrendshowninreference14. Thesection -~

●



NACARM L5ZK)7 19

normal-forcecoefficientneartherootofthewingwaslessthanthat
fartheroutboard.It isalsoshownthatintheangle-of-attackrange
from0°to 8°theloadingofallthesectionsincreasedby thesame
relativeamountwithincreasingMachnumberup to 0.90(figs.32(a)
to 32(e))withoutanyappreciableshiftinlateralcenterofpressure
(fig.48). At higherMachnumbersthetrendofreference14wasnot
followed.FurtherincreaseinMachnumberto 0.96resultedin decreased
sectionnormal-forcecoefficientsovertheinnerportionofthewingand
an increaseinloadingovertheouterportion.Thisledto an outboard
shiftinthecenterofpressure(fig.h8)andgaveriseto greater
bendingmomentsat theroot.Thespnwisedistributionofnormal-force
coefficientat a Machnumberof 1.2indicatedthesametrendnotedat a
Machnumberof0.96. Withreferenceto figures9 to 17,itisnoted
thatat a Machnumberof0.60stalldevelopedontheouterportionof
thewingat anglesofattackbetween6°and8°andprogressedtoward
therootwithincreaseinangleofattack.

At thehigherangle~ofattackfrom8° to 14°,thespanwisevaria-
tionofnormal-forcecoefficienteXhibitedthegeneraltrendexperienced
by sweptbackwingswithstallconditionsat theoutersections.Thepeak
loadcoefficientincreasedandmovedinboardduetotheinboardspread
of separatedflow.

In figure31,it isnotedthatata Machnumberof0.60andan angle
ofattackof 60,thesectionnormal-forcecoefficientat the80-percent-
semispanshtionobtainedwith~turaltransitionwassomewhatlessthan
thatobtainedwithtransitionfixed.Thedifferenceinthesectionload
canbe attributedto theleading-edgesurfaceirregularityasexplained
inthediscussionofpressuredistributions.Thedifferencein section
normal-forcecoefficientfortheoutboardstationsat 8° angleofattack
is duetothefactthattheinfluenceof thetransitionstripdelayed
theseparationoftheflowoverthewing. Thisalsohas been mntioned

inthepressuredistributiondiscussion.

Reference15pointedoutthataddinga fuselageto a sweptbackwing
tomakea midwingconfigurationincreasedtheliftnearthewingrootdue
to thelocalupwasharoundthefuselage.Figure33 showsthatthesame
effectmaybe indicatedby thedatapresentedherein.Resultsforthe
isolatedwingwerenotobtained,butifthetrendfortheloadingover
theinboardwingsectionsofreference15 is followed,as shownin
figure33,withconsiderationgivento thetheoreticaldistribution
suggestedinreference16,an indicationofthefuselage-interference
effectonthewingisapparent.Onthisbasisitmaybe seenthatthe
loadingonthewing-fuselageconibinationwasgreaterthanforthewing
alone,assumingthewingextendedthroughthefuselage.Itwasalso
greaterthantheindividualloadingsofthefuselageandwingadded
together.
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Comparingthecontributionoftheloadonthefuselagealonetith
thetotalloadonthefuselageinthepresenc:eofthewing,at anangle
ofattackof 4°,revealedthefactthattheloadonthefuselageofthe

d

wing-fusela~ecombinationwasapproximately1.0timesgreaterthanthe
loadontheisolatedfuselageatthesameangleofattackandMach

.—

number.Thefuselageloadinginthepresence.ofthewingvariedwith
—

Machnumbermuchthesameas thewingloading.In figure32(c)for an
angleofattackof 4°a dip,or loss,in fuselagespanwisenormal-force
coefficientoccurredonthefuselageandap~aredto shifttowardthe

.-.—

wing-fuselagejuncturewithincreaseinMachnumber.Theshapeofthe
spanwise-loadingcurvewasdueprimarilyto theshapeofthespanwise
loadingonthefuselagealone(fig.33). :

--

Thefiselageloadinginthepresenceofthewingindicatedthat
theloadonthefuselagewasaffectedbothin frontofandbehindthe
wing-fuselagejunctureby thepressuresofthewingat subsonicMach
numbers(fig.34). WhentheMachnumberwasincreasedto 1.2,thewing
hadlittleeffectonthefuselageaheadofthewing-fuselagejuncture.
Thecenterofpressureoftheincrementalbaaingonthefuselagedueto
thewingappearedtomoverearwardwithincreaseinMachnumberfrom

—

0.60to 1.2. —
.

Theloadingonthe20-percent-semispanStationrevealedthatthe
‘centerofpressureontheinboardsectionsof.thewingmovedrearward
whentheMachnumberwas increased fromo.60tO 0.96(fig.35). men

. .

theMachnumberwasincreasedto 1.2,a furthercenter-of-pressweshift .
ontheinboardwingsectionswasnotnoted.me longitudinalcenter-of-
pressuredisplacementindicatedby thefuselageloadingata &ch number
of1.2maybe attributedto a rearwarddisplacementoftheeffectofthe
wingonthepressuresalongthemeanspanwisestationofthefuselage
ata Machnumberof 1.2.

Thespanwisedistributionsofnormal-loadingcoefficientcnc/CN5
havebeencomparedwiththeoreticaldistributionsfortheincompressible
case(M= 0)andfora Machnumberof0.85,fromchartsinreference16
(figs.36and37). Thetheoryusedinreference16takesaccountonly
oftheadditionalloadingdueto angleofatt~ck.Closeagreementwould ‘““
be expectedbetweentheexperimentand.theory~sincethewinginvestigated
waswithoutcamberortwist.Becauseoftheunusualflowoverthewing
asa resultoftheshocksortheactionoftheseparationvortexnearthe
leadingedge,itcanbe seenthatthetiasur~dspan-loaddistributionwas
onlyinfairagreementwiththeloadin$predictedby thetheoretical
methodbasedonpotentialflow.Pooragreementwasnotedatthehigh
anglesofattacknearthatatwhichstalloccurredatthetip.

.

— .
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Normal-ForceCharacteristics

Thevariationofnormal-forcecoefficientwithMachnumberandangle
ofattackprovedtobe almostidenticalto theforce-testresultsof
reference3 (fig.38). Thenormal-forcecoefficientsfortheisolated
fuselage(fig.39)werealsoinagreementwithreference3. Thereason
forthechangeinthenormal-force-curveslopebetweennormal-force
coefficientsof0,2and0.4(fig.40)hasbeenpointedoutinthediscus-
sionofthepressuredistributions.Theincreasein chordwiseextentof
relativelyhighnegativepressurecoefficientsneartheleadingedgeof
thewinguppersurfaceresultedintheincreaseinnormal-force-curve
slope.Thisincreasemaybe assumedtobe causedby thefactthatthe
stresmmustflowaboutan effectivelythick,highlycamberedairfoil.
Thisincreasewasnotedup toan angleofattackof 10°. Thereafter,
thenormal-force-curveslopedecreasedduetothelossinnormalforce
associatedwithmoresevereseparationnearthetip.

It shouldbe notedthatthedatapresentedhereinareforrelatively
lowReynoldsnumbers,andthesamephenomena-y notexistatthehigher”
Reynoldsnumbersencounteredinactualflight.

It isevidentfromthenormal-forcedatain figure40thattheflow
overthewingat lowvaluesofnormalforcewasnotappreciablyinfluenced
by thetransitionstrip.Therewassomeindicationofa changeat the
highnormal-forcecoefficients.However,theshapeofthenormal-force
curves,obtainedwithfixedtransition,agreedcloselywiththatobtained
forthesmoothwingoftheforcetestatthesameMachnumber.

Thenormal-force-curveslopesfrompressuredataandforcetestswere
inagreementwiththeoryup to a I&chnumberof0.80as showninfigure41.
ThedeviationoftheexperimentaldatafromtheoryatthehigherMach
numbershasbeennotedin otherinvestigationsforwings(reference14)but
thedeviationusuallywasnotsorapidas shownin figure41. Thereisa
possibilitythatthefu&elagemayhavecontributedto therapidrise.

Withreferenceto figure42,it isnotedthatat normal-forcecoef-
ficientsup to0.7andMachnumbersup to 0.90,approximately16.5per-
centofthetotalloadonthewing-fuselagecombinationwascarriedby
thefuselage.Approximately16.5percentofthetotalwingareawas
blanketedby thefuselage.At normal-forcecoefficientsup to 0.4,the
fuselagecarried14.5precentofthetotalloadata Machnumberof 1.2.

Pitching-MomentCharacteristics

Theregionofmaximumnegativesectionpitching-momentcoefficient
movedinboardfromthetipwithincreaseinangleofattack(fig.43).
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Thisresultedfroman increaseinthechordwiseextentofrelatively
highnegativepressurecoefficientsovertheforwardportionofthewing
uppersurfaceas showninfigures9 to 17.

~..
Thenegativesectionpitching- _

momentcoefficientsincreasedinmagnitudeuntiltheflowover the
sectionsseparated.Thereafter,changeina~le ofattackhadlittle
effecton changein-pitching-momentcoefficientofthe_stalle@sect~ons
(fig.44).

ThevariationwithMachnumberofpitching-momentcoefficientfor
thewing-fuselagecombinationandtheisolatedfuselageat allangles
ofattackandMachnumberstested(figs.45andk6)indicatedthatWch
numbereffectsonthefuselagewerenegligible.At the.highMachnumbers
andanglesofattack,thetransitiondataindicateda lessnegative
pitching-momentcoefficient.Thevariationofpitching-momentcoefficient
withnormal-forcecoefficientexhibitedthesameeffect(fig.47). Data
fromtheforcetest(reference3) werecomparedwiththepressuredata .-. .
infigure47 andexcellentagreementwasnotedexceptatthehighlift
coefficients.Thediscrepancymaybe partiallydueto differencesin
surfaceroughnessofthemodels.Similardeviationshavebeenreported
inreference14.

.-

Associatedwiththepitching-momentcharacteristics,thecenterof
.

pressureonthe.wing,withwing-fuselageinterferencepresent,moved
rearward3 to 4 percentofthemeanaerodynamicchordwithan increase
innormal-forcecoefficientfrom0.2to0.4,as shownin figurek8. When

.

thenormal-forcecoefficientwasincreasedto 0.7,thecenterofpressure
movedforward1 to 2 percentofthemeanaerodynamicchord.Fora normal-
forcecoefficientof0.4ata Machnumberof1~2,the
ofthehigh-negative-pressure-coefficientregionover
inthecenterofpressurebeinglocatedat 53-percent
dynamicchord.

Thefuselagelongitudinalcenterofpressurewas

increasein spread
thechordresulted
ofthemeanaero-

locatedin front
ofthefuselageat lowanglesofattackandshiftedrearwardwithincrease
inangleofattack(fig.49). As theMachnumberwasincreased,the
centerofpressuremovedforward.A largevariationinthelongitudinal
positionof thecenterofpressurewasnotedata Machnumberof1.2. _.
Forthislkchnumberandanangleofattackof4°,thecenterofpres-
surewaslocated61.5 percentfuselagelengthinfrontofthefuselage;
however,whentheangleofattackwasincreasedto 14°,thecenterof
pressurewaslocated14.5percentfuselagelengthto therearofthe
fuselagenose.Withreferencetofigure~0,ata normal-forcecoefficient

..

ofO,theaerodynamiccenterofthewing-fuselagecombinationshifted
from20percentmeanaerodynamicchordata ~ch numberof0.60to
32.5percentmeanaerodynamicchordata Machnumberof0.96,andto 6
36percentmeanaerodynamicchordat M = 1.2: At a normal-forcecoef-
ficientof 0.4,theaerodynamiccentershiftedfrom27percentmean
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aerodynamicchordata Machnumberof0.60to 47.5percentmeanaero-
dynamicchordata Machnumberof0.96andto h6percentmeanaero-
dynamicchordat M = 1.2. Thisrearwardmovementwasprobablydueto
theincreaseinchordwiseextentoftheminimumpressuresoverthefor-
wardportionofthewinguppersurfaceasmentionedinthediscussion
ofthepressuredistributions.At norml-forcecoefficientsinexcess
of0.6,theflowoverthewingtipseparatedcompletely,andthecenter
ofpressuremovedforwardandinboard(fig.48).

In general,increasesinMachnumbertendedto decreasethemagni-
tudeofthewinginterferenceonthefuselagepitching-momentcoefficients
(fig.51). At a l&chnumberof0.8,thewinginterferenceaccountedfor
about47percentofthepositivepitching-momentcoefficientofthefuse-
lageinthepresenceofthewing.At a Machnumberof0.93only24per-
centcanbe attributedto thepresenceofthewing. Withreferenceto fig-
ure34,thecenterofpressureoftheincrementalloadingonthefuselage
dueto thewingmovedrearwardtowardthepitching-momentaxis(the
0.25-chordpositionofthemeanaerodynamicchord)withincreaseinMach
numberandtendedto decreasethefuselagepositivepitching-moment
coefficients.

.

Pressure-DragCharacteristics
.

Thepressure-dragcoefficientontheoutboardsectionofthewing
at anangleofattackof 4°wasmuchlessthanthecoefficientforthe
inboardsectionatsubsonicMachnumbers(fig.52). Thevariationata
Machnumberof0.60wasinagreementw-lththepredictionfromnonviscous
flowtheory(reference10). As pointedoutinreference11,thesepres-
sureforceswereassociatedwithpotentialflowandwerenota manifesta-
tionof losses.Theywerecompensatedinpotentialflowby thruston
theoutboardsections.At a Machnumberof 1.2,thesectionpressure-
dragcoefficientwasnearlyuniformfortheentiresemispan.Thetheory
predictedthatthepressuredragfortheinboardsectionsat supersonic
speedsshouldbe considerablygreaterthanfortheoutboardsections.
Thedifferencewasdueto thefactthattheseparationfortheoutboard
sectionswasmoreseverethaninboard(seefigs.9 to 17 andreference11).

.

Thepressure-dragcoefficientfortheisolatedfuselageexhibited
verylittlechangewithincreaseinMachnumberup to 0.96 throughout
theangle-of-attackrangeinvestigated.Thepressure-drag-coefficient
riseappearedto takeplacebetweenMachnumbersof0.96and1.2
(f%. 53). Thepressure-dragcoefficientsofthewing-fuselagecombina-
tionindicatedthesameeffectsofMachnumberas inreference3. For
example,theforcebreakat anangleofattackof 4°occurredapproxi-
wtely ata Machnumberof0.90as showninfigure54.

.
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Thefuselagepressure-dragcoefficientat zeroliftwascompared
withthedragdeterminedfromfree-falldata.(reference13)andwind.
tunnelforcetests(reference3) infigure55. A fuselagebase-pressure

●

correctionwassubtractedfromthetunnelforce-testdatasothosedata
wouldbe directlycomparablewiththatobtatiedby integratingthe
exter~lpressuresofthepresentinvestigation.Althoughthebodyin
thefree-falltestshada shorterportioncutoffattherear,thedata
wereinagreement.Thedataalsohavebeencomparedwiththeoreticalpres- —
sue dragcomputedfromreference17. Althoughthistheoreticalvalueis
independentofMachnumberat supersonicMachnumbers,itwasconsidered
tobe in satisfactoryagreementwiththeexperimental.datafroma Jkch
numberof1.05up to thehighestvelocitiestested.

—
—

FuselageSkin-FrictionDrag

ThevariationwithMachnumberof skin-frictiondragforthefuse-
lagewasdeterminedas thedifferencebetweentheLangley8-foothigh-
speed-tunnelforce-testdrag-coefficientandtheLangley8-foothigh-
speed-tunnelpressure-drag-coefficientcurve8offigure55 andis
presentedinfigure56. Theskin-frictiondragcoeff~cientdidnotvayy
appreciablywithMachnmnber.Theexperimen~lvaluesof skin-friction

.

dragcoefficientarecomparedwiththeoreticalvaluescalculatedby the
methodofreference17,forthecaseoftransitionatthenose.Also
includedaretheskin-friction-drag-coefficientvaluesobtainedfrom

.

free-falltests.Agreementwasobtainedbetweenthetheoreticalresult
—

fortransitionatthenoseandtheexperimentaldataup to thehighest
Machnumbertested.Furthercomparisonwasimpossiblebecausethepoint
oftransitionwasnotknown.

Thefree-falldatawereobtainedatReyholdsnumbersbetween1 x 106
and6 x 106. Thepressuredataforthetunnelmodelwereobtainedat a
Reynoldsnuiberofabout2 x 106.

CONCLUSIONS

Thepressure-distributioninvestigationofa fuselageanda wing-
fuselagecombinationemployinga wingwith45° sweepbackofthe0.25-chord
line,aspectratio4,taperratio0.6,andNACA65AO06airfoilsectionsat
highsubsonicMachnumbersandat a Machnumberof 1.2indicatedthat:

1.Pressuredistributionsindicativeof leading-edgeseparation-
vortexflownotedat lowspeedswerealsoobqervedatthehighsubsonic .
Machnumbers.Separationovertheoutboardsectionsofthewingspread
inboardwithincreaseinangleofattack.IncreasingtheMachnumber
delayedthespreadofthisseparation. .

‘=”=mml?m~
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2.Thespanwiseloadingshiftedslightlyoutboardat anglesof
. attackbelow8°whentheMachnumberwasincreasedfromO.~ to 1.2.

At higheranglesofattack,thepeakloadcoefficientincreasedand
shiftedinboarddueto inboardspreadoftheseparationregionat the
wingtip.

3. Thepressuresontherearportionofthechordofthewingsta-
tionsnearestthefuselageexertedthemostinfluenceonthefuselage
pressuredistributions.Theminimum-pressurepeaksonthewingleading
edgenearthewing-fuselagejunctureappearedtobe localizedonthewing.

4.Theloadonthefuselagewasaffectedby thewtngin frontof
andbehindtheWing-fusekgejunctureat subsonicspeedswiththem+ority
oftheloadintheregiondirectlyabovethejuncture.Thecenterofthe
loadincrementonthefusekgeproducedbythewingmovedrearwardwith
increase+fnMachnumber.

5.Theloadonthefuselageinthewing-fuselagecombinationwas
approximately10timesgreaterthantheloadontheisolatedfuselageat
thesameangleofattackandMachnumber.At normal-forcecoefficients

. up to0.7andMachnumbersup to 0.90,approximately16.5percentofthe
totalloadonthewing-fuselage“combinationwascarriedby thefuselage.
At nomal-forcecoefficientsup to 0.4,thefuselagecarriedabout
14.5percentofthetotalloadat a Machrnuiberof 1.2..

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyField,Va.

.
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Figure3.- Photographof the modelaa testedin the Langley&foot
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